Ideal cycle analysis of a pulse detonation engine by Moghadam, Maryam Sadrzadeh
 
 
 IDEAL CYCLE ANALYSIS OF A PULSE DETNATION ENGINE 
MARYAM SADRZADEH MOGHADAM 





























A project report submitted in partial fulfilment of the 
Requirements for the award of the degree of 










Faculty of Mechanical Engineering  
















I would like to express my sincere appreciation to my supervisor, Professor Dr. 
Mazlan Abdul Wahid, for encouragement, guidance and critics. I am very thankful to 
my father, mother and my lovely sister for their patience, understanding and 
encouragement. I would like to thank to Dr. Khalid Saqr, Dr. Mohsin Mohd Sies, Mr. 
Ehsan Shahbazi, Mr. Ghobad Bagheri, Mr. Ehsan Hosseini, Mr. Ahmad Gholami, Dr. 
Abuelnuor Abdeen Ali Abuelnuor and Mr. Yasin Amani. My appreciation also extends 
to all members of HiREF office for their good behaviour and relationship. I would also 





Pulse Detonation Engine (PDE) is expected to be one candidate for the next 
generation of high performance propulsion engines and power plants. The need for 
heavy air compression in common gas turbines could be eliminated in PDEs, allowing 
the operation with fewer compressor stages. This advantage would yield higher 
thermal efficiency and decrease the size of the engine. So, PDEs could be proposed as 
an alternative to gas turbines especially for small commercial power generation plants. 
Cycle analysis would be an excellent tool to compute and analyse the performance of 
PDE without the necessity of expensive experimental tests. In the current study, the 
effects of fuel types and frequency of a PDE on the thermal efficiency through 
thermodynamic cycle analysis is evaluated. The generic models for the cycle analysis 
are developed by Matlab. The Humphrey, ZND and Brayton cycles are adopted for 
this analysis. Thermal efficiency of Biogases for its less emission characteristic is 
studied in an ideal cycle against Hydrogen, Methane and Propane. It is concluded that 
the Biogas could be an appropriate fuel for theoretically PDE studies. To find a relation 
between thermal efficiency and frequency, at constant geometry, in two different 
attempts, the relation between thermal efficiency and detonation speed, and that of 
frequency and the velocity of filling and purging are studied. It’s seen a direct relation 






Pulse Letupan bahan Enjin (PDE) dijangka menjadi salah satu calon untuk 
generasi akan datang pendorongan enjin prestasi tinggi dan loji kuasa. Keperluan 
untuk pemampatan udara berat dalam turbin gas yang sama ini dapat dihapuskan dalam 
PDE, membolehkan operasi dengan lebih sedikit peringkat pemampat. Kelebihan ini 
akan menghasilkan kecekapan haba yang lebih tinggi dan mengurangkan saiz enjin. 
Jadi, PDE boleh dicadangkan sebagai alternatif kepada gas turbin terutama bagi kecil 
loji penjanaan kuasa komersial. Analisis kitaran akan menjadi satu alat yang sangat 
baik untuk mengira dan menganalisis prestasi Pde tanpa keperluan ujian eksperimen 
mahal. Dalam kajian ini, kesan-kesan jenis bahan api dan kekerapan yang Pde pada 
kecekapan haba melalui analisis kitaran termodinamik dinilai. Model generik untuk 
analisis kitaran dibangunkan oleh Matlab. Humphrey, ZND dan Brayton kitaran 
diterima pakai bagi analisis ini. Kecekapan terma Biogases untuk ciri pancarannya 
kurang dikaji dalam kitaran ideal terhadap Hidrogen, Metana dan Propana. Ia 
menyimpulkan bahawa Biogas boleh menjadi bahan api yang sesuai untuk kajian 
secara teori Pde. Untuk mengetahui hubungan antara kecekapan haba dan kekerapan, 
pada geometri berterusan, dalam dua percubaan yang berbeza, hubungan antara 
kecekapan haba dan kelajuan letupan, dan kekerapan dan halaju mengisi dan 
penyingkiran dikaji. Ia melihat hubungan secara langsung antara kecekapan haba kitar 
PDE dan kekerapan tidak boleh didapati. 
